This pictorial illustration demonstrates various aspects of arterial tortuosity syndrome (ATS) obtained predominantly from a multiple detector computed tomography (MDCT) examination of a patient. In addition, a comprehensive review of typical multi-modality imaging observations in patients with ATS is presented along with a description of a few imaging signs. Non-invasively obtained, conclusive information is required in patients with ATS in view of the fragile vascular structures involved. An amazing wealth of information can be obtained by reviewing the volumetric data sets of MDCT examination. In the context of incomplete clinical information or remote reading of radiographic examination with inadequate clinical details, ability to "image data mine" the hidden, unexplored information may be vastly useful. The role of MDCT as a single modality of evaluation in ATS is highlighted.
INTRODUCTION
Arterial tortuosity syndrome (ATS) is a rare hereditary, autosomal recessive connective tissue disorder characterized by dysmorphic facial features, skin and joint laxity, tortuosity, elongation of the major arteries, vascular dilatation, stenosis, formation of aneurysm, pulmonary artery stenosis, and bowel hernia and rupture. Large and medium-sized arteries are mostly aff ected. Cardiomegaly with ventricular hypertrophy is seen in most patients.
Bony changes like scoliosis, arachnodactyly, and chest wall deformity are also well-known associations. [1, 2] Many entities with inherited defects of connective tissue like Marfan syndrome (fi brillin-1), Williams Beuren syndrome (elastin), Ehlers Danlos syndrome (Type III collagen), and hereditary cutis laxa syndromes (elastin and fibulin-4 and -5) are known to present with very similar vascular and connective tissue changes. Relatively rarer conditions like ATS, Loeys-Dietz Syndrome (LDS), and autosomal recessive cutis laxa (ARCL) Type I and lethal syndromic vasculopathy associated with a novel mutation in FBLN4 are associated with more extensive vascular changes. [3] ATS is an autosomal recessive disorder attributed to mutations in the SLC2A10 gene (chromosome 20q13). [4, 5] LDS is an autosomal dominant disorder associated with heterozygous mutations in genes encoding transforming growth factor beta receptors (TGFBR) 1 and 2. [6] Perturbations in the TGF beta pathways are believed to contribute to the pathogenesis and severity of these disorders. [3] The syndromes ATS and LDS are reported to have a natural history allowing survival of several patients to adulthood. [6] ARCL Type I (mutations of fibulin-4 and fibulin-4) is characterized by cutis laxa, pulmonary emphysema, umbilical and inguinal hernias, and gastrointestinal (GI) and vesico-urinary tract diverticuli. All these disorders have characteristic phenotypic features with a common feature of characteristic dilatation, elongation, and tortuosity of the large and medium-sized arteries. [3, 6] Prior to the availability of genetic and molecular analysis, many of these patients were detected incidentally during radiographic examination. The purpose of this study is to illustrate cases from the imaging perspective, clustering subtle observations to build an image-based proof of ATS. Only a few studies in recent years have approached ATS from an imaging perspective. Advances in genetic and molecular diagnostics are redefining medical practice by identifying disease at a pre-clinical stage or at a stage when clinical and imaging appearances had not completely evolved, thus altering the conventional role of diagnostic imaging.
Due to intrinsic defect in the vascular collagen, blood vessel tends to show increased fragility and tendency for rupture. Hence, in the evaluation of these patients, invasive diagnostic procedures have been replaced by more non-invasive modalities like sonography, magnetic resonance imaging (MRI), and multidetector computed tomography (MDCT). Patients present clinically in diff erent contexts varying from asymptomatic presentation to specifi c system-related symptoms, for example, a patient may present with cardiac failure and cardiovascular involvement or with gastroesophageal refl ux/obstruction with hiatus hernia. Occasionally close relatives of patients with established ATS are referred for detailed investigation to demonstrate subtle imaging signs.
Sonographic evaluation can lead to a diagnosis of ATS when vascular tortuosity is seen in accessible regions. However, it fails to provide a global view of the vessels. Hence, as a comprehensive study, sonography fails to achieve its objective in the evaluation of ATS. However, it retains its valuable role in cardiac assessment and, at times, in evaluation of the large blood vessels. MRI has many advantages in demonstrating vascular changes, soft tissue changes secondary to internal and external hernia, and more specific vascular and structural intracranial complications of the ATS. Duration of the study and need for prolonged sedation limit the universal use of MRI techniques. Signs of airway compression, relation of vascular structure to lung and bowel, demonstration of lesions like hiatus hernia and inguinal hernia are not best achieved by MRI. MDCT evaluation addresses some of the limitations of ultrasound and MRI at the cost of radiation-and contrast-related complications. Hence, careful attention to technique in order to reduce radiation dose is necessary in these patients who may need repeated follow-up examinations. Emergence of new CT units with lower radiation dose, sensitive detector, and image processing technology are likely to overcome some of these disadvantages. However, on the whole, MDCT evaluation appears to be the best choice at the moment for rapid and comprehensive evaluation of ATS. [7] Illustrations of this work are based on sporadic cases with classical clinical signs and imaging observations and from the cohort of patients with mutations in the SLC2A10 gene (chromosome 20q13). [2, 5] Most of the MDCT illustrations in this essay belong to a single patient, emphasizing the wealth of information obtained from a single MDCT study. Imaging signs described in the illustration vary from early signs to fairly classic signs of advanced disease. Understanding of these early signs may help radiologists detect patients with this disease who are clinically asymptomatic. Observations and conclusion of this presentation are based on the evaluation of 17 patients. Presentation of most patients was non-specific, and included failure to gain weight, fatigability, feeding difficulty, and vomiting. On clinical evaluation, facial dysmorphic features (micrognathia, elongated face, and epicanthal folds) and cardiac murmurs were noted, leading to echocardiography or chest radiography. Patients showed joint hypermobility and skin hyperextensibility. Parents were inter-related, and there was history of consanguinity in one cohort of patients. A single patient was detected on a prenatal scan with cardiac enlargement, leading to postnatal follow-up and diagnosis. One patient succumbed to cardiac failure, and the rest are on follow-up. Patients with hiatus hernia with esophageal symptoms were managed with ante-reflux medication. Surgical correction of hiatus hernia was performed successfully in one patient.
Examples shown follow a system-based illustrations depicting various component of ATS. Various manifestations of ATS in relation to diff erent systems and the usefulness of specifi c imaging modality are presented in Table 1 .
IMAGING OBSERVATION IN ATS

Skin laxity
Skin laxity is a clinical sign that suggests the possibility of a connective tissue disease. Though usually a clinical observation, occasionally direct and indirect signs are visualized on radiograph [ Figure 1 ]. Plain radiographic examination of the chest demonstrates linear shadows overlying the lung fields. These shadows are due to shadows of exaggerated skin infolding. Sometimes this observation of a shadow can mislead the radiologist to erroneously identifying it as a case of pneumothorax. Surface-rendered evaluation of MDCT data can clearly visualize the skin folding. Such striking images are illustrated in Figure 2 .
Skeletal deformity
Bony changes observed in ATS include arachnodactyly, chest wall deformity, joint hyperextensibility, and soft tissue contractures. Thoracic deformities are common in patients with ATS. Frequently observed deformities include kyphoscoliosis, pectus carinatum, and pectus excavatum [ Figures 3 and 4 ]. Evaluation of MDCT data set for bone anomaly is greatly facilitated by various options in the 3-D processing software. Also, bony confi gurations like modeling abnormalities and bone thinning are illustrated. 
Vascular tortuosity
Under the category of large vessel involvement, most striking observations are noted in the tortuosity and dilatation of the aortic arch. Findings range from subtle elongation of the aortic arch (aortic elongation sign) [ Table 2 and Figure 5 ] to gross meandering of the aorta [ Table 2 and Figures 6-8 ], almost reaching the lateral thoracic wall (meandering vessels sign) [8] [ Figure 9 ]. The proximal arch up to the level of ductus shows marked tortuosity toward the right side, whereas aorta distal to the ductal position shows a tendency to extend to the left hemithorax. Areas of relative narrowing or kinking are observed at the level of the ductus and at the extreme bends of the curvature. The extent of vascular changes in diff erent locations of vascular structures is attributed to the diff erence in distribution and amount of elastin in ATS patients. Secondary displacement of the airway and esophagus was noted in the patient presented in Figure 10 . Airway compression is not very common; occasionally it may be seen leading to bronchial compression and lung collapse [ Figure 8 ]. Tracheobronchomalacia is occasionally observed. Vascular changes could lead to aortic occlusion, aneurysm, and rupture into the pleural space, leading to a fatal outcome. On review of the existing literature, vascular calcifi cation appears to be distinctively uncommon in ATS patients.
The other group of vessels affected in ATS is that of pulmonary arteries which tend to show areas of narrowing Table 2 and Figures 11,12] . This appearance is observed on echocardiography (personal Figures 13 and 14 ]. Significant stenosis with hemodynamic consequence is seen in more severe lesions. Peripheral pulmonary vessels, arteries, and veins, also show variation in caliber.
Involvement of pulmonary veins is not commonly described in ATS. However, tortuosity and uneven caliber can be occasionally seen involving the pulmonary veins [ Figure 15 ].
Peripheral arteries
Changes in the caliber and signifi cant areas of widening and narrowing are seen in medium-sized and/or peripheral arteries. These changes are evident in the origin of great vessels and extend to peripheral vessels giving rise to a beaded appearance [ Figures 16-18 ]. Gross tortuosity leading to altered course, and multiple folding and crowding of the arteries produce a classic sign of multiple clusters of vessels in the coronal and axial contrast-enhanced MDCT study of the thorax (cluster of vessels sign) [ Table 2 and Figure 19 ]. Upper limb examination is generally included partially in the thoracic study, whereas lower limb arteries are not adequately evaluated. Involvement of neck and intracranial arteries is often observed, and is best evaluated by time-of-flight (TOF) and contrast-enhanced MR angiography [ Figures 20 and 21 ]. Intracranial aneurysms are known in patients with ATS. [9] Visceral and abdominal arteries are also part of the vascular structures affected in the disease [ Figure 22 ]. Kinking of the arteries is seen, particularly in celiac and superior mesenteric arteries Most of the patients with mild, asymptomatic disease were on follow-up examination with yearly chest radiography, echocardiography, Doppler sonography, and MRI. MDCT was reserved for emergency presentation or when MRI was contraindicated. Ultrasound examination had a limited role in the follow-up evaluation of superfi cial vascular structures in the neck and extremities.
CONCLUSION
A spectrum of imaging features seen in a patient with ATS is illustrated in this report. A few imaging signs of ATS [ Figure 23 ]. Imaging attempts for vascular studies using femoral access show high complication rates. Venous access for CT examination also can be difficult. Complications include extravasations of contrast, vessel rupture, vessel destruction, pseudo-aneurysm formation, and vascular occlusion.
Gastroesophageal system
Esophageal dilatation and elongation is one of the frequent associations. Hiatus hernia [ Figure 24 ], Morgagni hernia, and rarely a Bochdalek's hernia [ Figure 25 ] are part of the disease spectrum. GI contrast studies may demonstrate diverticulum in duodenum and jejunum. Reflux in association with hiatus hernia is seen in vast majority of these patients.
Diaphragmatic eventration, diaphragmatic humps [ Figure 26 ], hernia, and inguinal hernia occur due to are described and highlighted with suitable illustrations. Awareness of early sign of arterial tortuosity and recognition of the described signs (aortic elongation sign and "V" sign of pulmonary artery) lead to early diagnosis of clinically asymptomatic cases of ATS. MDCT evaluation appears to be the best choice in the investigation of ATS patients. However, keeping the radiation dose to a minimum in the group of patients who may need multiple follow-up examinations is essential. Use of data mining of volumetric images from MDCT studies allows improved image interpretation and provides additional untapped facets of information, as exemplifi ed in our case. 
